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Study on the Preparation of Polymeric UV
Screening Agent Using PVBC
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o] 7|7} HLFE Sl Bkor, g& A& A= FUE AT 7 FollE alkyl
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Column chromatography= MerckA}9] Silica gel 60(70~230mesh)2 Al£3}1 o9, TLCE
MerckA}9] Silica gel 60 F 254 plateE A}-&3} 3t}

R3Ol AMG S BE 22} 7| T L BOA 24412 FE 3] AX A7) 1 AR

48 238 8987 9351 'H-NMR spectrume JEOLS] GSX 270 ¥} Brucker ©] ARX
300 & A3l 1, 82 CDCLE AH43l51on, YR BE B3 2 Tetramethyl silane <
AH8-331 T} UV spectrum Varian Cary 4EE AM-£-3}] o}

2) Chromophore ester(3)] 34

(i) R=Et, n-Bu, 2-MP ] 7%

4-Hydroxycinnamic acid 5g°l ROH 150 ml& ¥ 3 H,SO,4 Iml2 F 715 &2 A7t B¢ 857
T 2EE A0 2 WE F CH,CLE 4] A]7] 1 NaHCO; X8} &8 M0 2 Ho]
¥ CH,CLZ 2¥ #5381 73 & Ro} T4 MgSO.2 ARAI § o 7ste] oA g 7
& F53HUTE T E o n-hexaned §-o] 1A P EE A1, BA] CH,CL S n-hexane &
0|83t 5& AUt
(i) R=n-Hx, n-Oct, n-Dec, n-Dod 2] 73 ¢

4-Hydroxycinnamic acid 5g°ll ROH 50 mlE ¥ 3 H,SO, Iml-S A 7}3E F 1 Al ZF 5<F 105~110
CE FAANZIY wRalgith, L& 4R 20 F ¥ F CH,CLE 3|4 A7) 3 NaHCO; ¥ 3}
TEAO T Yo F T CH,CLE 2 FE319 77|58 Eo} T4 MgSO,E AFxAIZ 5 o
H3te] AR Ag A FFIAY. FAQ B n-hexane% Fo] nA9 YHES A1, T
CH,CL%} n-hexane & o] 88t 2| 23t ¢5F YA E 58 AU
(i) R=2-EB, 2-Mpen, 2-EHx <] 7%

4-Hydroxycinnamic acid 5g°ll ROH 50 mI& ¥ 3 H,SO4 Iml2 ¥ 7}8F 3 1 A|ZF 52+ 105~110

CE FAIAI71H neksigich 258 4202 W3 § CHCLE 84 A7) 1 NaHCO; ¥ 3}

TEA0Z NoJFE F CHCLE 29 5319 §715 & Bol B4 MgSOE AFA 5 o
7 3t] RS 7 FF39TE B EL column chromatography (SiO,, CH,Cl)3t &4
A E 5 AT
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PVBC 1.0g, K,CO;3; 3.60g, TBAI 0.05g, chromophore ester (5) 1.1 =S acetone 30mLol] ¥ 11
16A1 5 /WA & F/HT-E Hol& ¥ CHCLE 29 %% 3l {715 & Rol
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1) Chromophore &4
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Mato] A9l ZRolE MEY 22, HHQ Z o= column chromatography & &350 &=
3t chromophore ester® &8 £ UUCh  ZZje| £81f M4 Tablelo] LIEHAU204,

chromophore ester2| Tt & Figure 10l LEFLH AT



Table | Reaction yield of chromophore ester according to R

R Yield*(%) A Abxx
Et 98 S
n-Bu 95 S
n-Hx 95 S
n-Oct 92 S
n-Dec 90 S
n-Dod 90 S
2-MP 92 S
2-EB 87 L
2-Mpen 87 L
2-EHx 85 L

* : Isolated Yield ** : S=solid, L=liquid

2) &R} AL A A o] A4
PVBC#} chromophore ester (5)& ¥ 71(K,CO3) EA S A ol EL o= 3l A2 F9
phase transfer catalyst (PTC)E ¥H-3-F | 2 8t ¥} AL d ASAE FA33A

.[-CH -cnz]-;1 OH .ECH .CH2}_
n

K,CO,
= - Acetone x
I X reflux | (/\l III)
D =
CHy-Cl PTC \CHZ—O
1 (o] OR
6
é =
0 OR

2-1) Chromophore ester9] steric effectol] wh& WH-g =& 2] ¥ 3}

PVBC$} chromophore ester®] ¥H-§-o| A PTCE TBAB(Tetrabutyl ammonium bromide)2 A}-&
8} 7 ¢ chromophore esterd] Z7]o)] W& ¥k-34& 9] £33 ¥ E & & o).
Chromophore ester= ethyl hydroxycinnamate} methyl hydroxycinnamate 3 ester5-&2] 7|7}
22 7%, PVBCY benzylic chloride”} chromophoreZ A 35= & & conversion yield:=
100% ©]t}. 121} chromophore ester”} 2-ethylhexyl hydroxycinnamate 2 Z7]7} & Z$-ol &
PVBCY] benzylic chloride”} chromophore 2 A 2% = =& Z conversion yield= 2F 60% 7} ¥

of

t}. YieldE= NMRE 712 11 331 =6, PVBCO] 21+ benzylic proton?] peakd] £4]2
A FAs ). PVBCO chromophore ester7} 2SS 2| &S 49, = chloride7} £



= benzylic proton 4.3 ppm¢l] peak7} WEFA T}, 12]1} chloride TH4] chromophore ester?} 2
= 829 benzylic proton<- 4.7 ppm® peak7} Y EFATE. T}-8-2] NMR spectrum (Figure
2) oA BE uiet o] PVBCe e 4.3ppm91 benzylic proton®] PVBCS} ethyl
hydroxycinnamate®] ¥F-g-Eol= W& YElA &1 didl A2 peak?] 4.7ppme] benzylic
proton?t Y2 = AL & F Atk 23y PVBCS} 2-ethylhexyl hydroxycinnamate 2} ¥H-3-E& 9]
%ol 60:409] ¥ &2 4.7 ppm2) peak$} 4.3ppm2] peako] & AL B F Yt ojRAL
2-ethylhexyl hydroxycinnamate2] 74-$-oll = PVBC2}9] ¥H&-o| A 60%2] benzylic chloride: R}
%3} chromophore esterZ x| 5 2| ¥F, W X] 40%2] benzylic chloride ¥F-g-°] A1
IR Folde AL o gt

PVBC$} chromophore ester}2] %hH3-ollA] chromophore®] steric effect® Z%3}7] 9&]A
PVBC$} 2-ethylhexyl hydroxycinnamate?} 23 &2 & 40%2] benzylic chloride”} &o}3)
£ IE 2l methyl hydroxycinnamate & ¥Wr-8-A|A H.ektt. 1 A3} Fo}]E benzylic chloride
7} 25 A3 5 3 methyl hydroxycinnamate7} X138 21& & 5 A
Figure 32] NMR spectrums X 4.3ppm2] benzylic proton peak®] 25 Alg}z A& & & 3
c}.

2-2) PTCY] F 7ol W& wh3&o) ¥t

PVBC$} chromophore ester®] W-3-of| 4| ¥+-8-4& & chromophore ester®] 27| ¥ gto] o}t
B3 Al Yol & ool YA T A 4 Wt PVBCS nucleophilic reagentsZHe] vh-5
ol A] phase transfer catalyst(PTC) ol ©& w+-&5-&2] ¥37t B3 §Juh? o] EA PTC
E AL we 28X Fg Eg wgFEo] 53] FolA & Ao RaHUT. PVBC
¢} 2-ethylhexyl hydroxycinnamate2] ¥t-3-of| ] tetrabutyl ammonium bromide(TBAB)E & v 2 A}
£33 A9$E conversion yield7} 60%7F ®rh eyt ZU]Z  tetrabutyl ammonium
iodide(TBADE A1-&3}1H wkg o] =8 100%7} © T} Figure 4 TBAI & A 8lol| A vE-Z-A1 20
PVBC$} 2-ethylhexyl hydroxycinnamate®] NMR spectrum©.E PVBC®} e chloride® 1%t
benzylic proton peak S #o}E 4 glch.

HEAFES

TEAY sizer GPC columng ©] 8§35t B3+, §A AL GPC column (waters
HR 4)9] calibration curve(Figure 5)5 HH Ex% TF &3 20,000~200,000 A}o]eA] 9]
calibration curve] r* Zt©) 0.998 2 2223} retention timeA} o] ol A BA 7 JFd= RS
4 4 gtk o] columng ©]&3te] Rz} 2L AFFAE E2MEAE W F7 EAFO



112,000 (Figure 5)°l 1t} ©] & PVBCE 55,0002 2 AAF3}31 100% A9 A 21ekA| 71 A%
HActn AFRE ] akd 140,000 T x}o] & BT} A ¥ GPCAl A & EARFL AL
© EA%0] obd hydrodynamic volume o] 22 o] wjE o] AA| 2% GPC oM A€
& Alo] Zpoj7t A Aoz AYztEr

4) UVEIE

UV % X £ methylene chloride & & "] £ 3} FA|5 X (8.26ppm)°ll th3td A 33T}

UV S35t 43 54 &9 distd 333 7] HE linear alkyl chaind 73-¢%
branched alkyl chainql ¢ 25 1 T2 98 & L7 Ehe EAFZ s 234
o} A 21, BB AL B Aol 4 (alkyl chain®] 2 4%) @9 ¥ A% chromophore ]
F7F £o1€7] Q& 29F UV FFE7F A SHHY, EAFo] 22 Bl linear
alkyl chain3} branched alkyl chainol] #A|Rl0] & FFEE HU) (dE £9, n-Hx, 2-EB,
2-MPen?] ¢ & EFEE Yehich) E3F Table2,30] UEId 28 2 24359
OMCS UVEHFEE 100%E B3t& W] 4ddd FFa&2A4, A" T4 A &
GAEL 65% o] FFEEL B AT Figure 62 OMCS} 2-ethylhexyl hydroxycinnamate 2}
PVBCY ¥+ 0 2 A g 1 & A2 UV spectrumo} o}

Table 2 UV absorbance of polymer in case of linear alkyl chain

R OMC
uv Et n-Bu n-Hx n-Oct n-Dec n-Dod (Parsol MCX)
23< 0.65 0.6 0.55 0.51 0.48 0.45 0.69
S E8(%) 94 87 80 74 70 65 100
Table 3 UV absorbance of polymer in case of branched alkyl chain
R OMC
2-MP 2-EB 2-Mpen 2-EHx
uv (Parsol MCX)
=3< 0.60 0.55 0.55 0.51 0.69
S2(%) 87 80 80 74 100




5 &=
2 AT T 2R A H AGAHEL B, &7 22 A543 |y} mineral £
Ao 22 BT LYol= &EA et B dFdME A LY F caprylic/capric
triglyceride, octyldodecanol, decyl oleate S A A3} FAE 1 E 2} 2o} AFAE Q] L=
£ Z43H3
Table 4 Solubility of polymer in case of linear alkyl chain (weight %)

R
oil Et n-Bu n-Hx n-Oct n-Dec n-Dod
caprylic/capric 0.26 1.15 >20 >20 >20 >20
triglyceride
octyldodecanol 0 0.3 0.29 0.74 1.03 0.35
decyl oleate 0 0 0 0.09 >20 >20
Table 4 Solubility of polymer in case of branched alkyl chain(weight %)
R
. Et n-Hx n-Oct n-Dod
Qil
caprylic/capric >20 20 >20 >20
triglyceride
octyldodecanol 048 0.17 0.69 4.50
decyl oleate 0 0 0 2.03

Caprylicicapric triglyceride® 812 AH8-& 7%, ethylsh n-butyl] 3o &= 2% vl el ke
T & 2ol gl oL, Colhexyl) ©1’39] linear alkyl chain¥} branched alkyl chain& 25 20%
o] ¥ S EE BU

Octyldodecanol & &1 2 A}&3+ 29, 2-ethylhexylT+o] 4.50%°] $H T8 BYd® YA
2 1%0) 7o) G 2 =8 Bolth W n-decyl®} n-dodecyl®] 7 -$ 80 °Coll A& 20%0] /]
L3 E AT A0 2 ol xHA FErHo] .

Decyl oleate & &2 A}-§ 3+ 7 9ol = n-decyl, n-dodecyl?l 75l 7t 20%0°] 32} A EE
B o] A gk Uw 2] & 2% o] 3fo]}.

9o A7z B o, FAY TEA A9 A 23 S-E chromophore?] esterF 5 9] g7}

2 5=, g4 57F EL 9ol = linear alkyl chain 2 UTh= branched alkyl chainQ! 7 §-ol| &
ool 3t RAE T 2SS ¢S YU
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1

W& A4 o] ¥& PVBCY side chain modificationg 53t &2} AL A AFAE 4 &

AA .

PVBC#®} chromophore ester®] %H-3-ollA TBABE Zv]E Al&3l= A Lo:= wgsie

chromophore ester®] 277} ¥h-§ &) 4FE 713 < AU

Whg 0] 2 TBAIE A&3h= 4 $oll = whg-o] 38} chromophore estere] E5/-o &

Alglo] ¥k3 =& 0] 100% .

A E L&A A AAAELS

B OMC  H3 65%~94% & UV FF =& B}

B Caprylic/capric triglyceride]| & o F-& &3 =7} ¥ %49k, octyldodecanol©] U decyl
oleated] tht R =& i)

m  thF3E chromophore ester?] esterf-¥2] ©A 57} 21 bulky®d = 2 Qo] g &

=7t E 3kt
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O/WW\ n-DecyI (n-Dec)
2-Ethyihexyl  (2-Ehx)

1) Linear alkyl chain iiy Branched alkyt chain
OR=0CH,CH, Ethyl EY OR= OIY 2-Methylpropyl (2-MP)
0NN n-Butyl  (n-Bu)
o 2-Ethylbutyl  (2-EB)
0NN n-Hexyl (n-Hx)
O NN TN n-Octyl  (n-Oct) o /\‘/V 2-Methylpentyl (2-Mpen)

L NG n-Dodecyi (n-Dod)

Figure 1. Ester derivatives of Chromophore ester
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Figure 2 NMR spectrum of PVBC(above), PVBC + ethyl hydroxycinnamate(middle), PVBC+2-
ethylhexyl hydroxycinnamate(below)
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Figure 3 NMR spectrum of polymeric sunscreen (below of Figure 2) with additional methyl

hydroxycinnamate
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Figure 4 NMR spectrum of polymer prepared from the reaction of PVBC and 2-ethylhexyl

hydroxycinnamate in presence of TBAI
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Figure 5 Calibration curve of Waters HR 4 column (above) and GPC result of polymeric

sunscreen agent (below)
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Figure 6 UV spectrum of OMC(above) and polymeric sunscreen agent(below),
solvent : methylene chloride




